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Abstract  
China is busy constructing its domestic national ETS after one year’s operation of six pilot ETS. The competitiveness impacts of 
national ETS on industries, especially in terms of price increment, production loss in both domestic and oversea markets, are severely 
discussed among not only industry but also academic. This paper intends to quantify these two dimensions of competitiveness using 
an economic model combined with input-output methods. Based on the model results, we discuss about the CO2 price setting, pass 
through rate of electricity price and allowance allocation method in the forthcoming national ETS and make policy implications for 
Chinese policy marketers, in order to make balance between CO2 emission reduction and industry developing.  
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1 Introduction  
China, the world’s biggest emitter of greenhouse gases, has planned to start a national market for carbon trading by 2016 
as it seeks to balance pollution reduction with economic growth and construct a low carbon society. This plan has been 
prioritized in the central government’s economic reform, so everything related are being proceeded in an orderly manner. 
Early in September, NDRC has made detailed working schedule to finalising rules for what will be the world's biggest 
emissions trading scheme, such a schedule is showed in table1.  
Table 1 Schedule to construct national carbon market in China   
 2014Q3 2014Q4 2015Q1 2015Q2 2015Q3 2015Q4 
Legislation  √ √ √    
MRV documentation √ √ √ √   
MRV trainee  √ √ √ √ √ √ 
Registration system operation   √     
Specifying reporting procedure √ √     
Constructing emission reporting system and   √ √ √ √  
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third-party verification system  
Promulgation measures for the administration  
of third-party   
   √ √ √ 
Making allowance allocation method     √ √ √ 
Promulgation measures for the administration of trade institutions      √ √ 
Promulgation market regulation rules      √ √ 
Reporting and verifying historical data      √ √ 
Competing allowance allocation       √ 
 
However, industry representatives criticize the national ETS on the ground that it would create a competitive 
disadvantage for Chinese manufactures. A public debate has engaged both government and business. The central 
government claimed it would help firms to upgrade technology and improve productivity, at the same time contributes 
to the nation’s CO2 emission reduction target, while some industrialists were voicing concern about a threat to market 
share loss and job loss as production cost would be increased once they are incorporated in National ETS. Strong 
differences in views are held at the time and both are consulting academic for possible solutions. 
Academically, although several previous studies have examined the influence of climate policies (carbon price) on the 
overall economy and on the household sectors in develop countries, such as Japan [1][2], Germany[3]and UK, limited 
research has focused on the potential effects of such a policy on developing countries, such as China. To author’s 
knowledge, only [4] calculated the carbon cost for Chinese industries using an I-O model. 
Generally speaking, methods used to access the effects of a carbon pricing scheme in previous studies can be broadly 
divided into two categories: computational general equilibrium (CGE) analysis and I-O analysis. CGE models allow for 
changes in the production function. Thus, changes in input prices results in changes in demand for substitute inputs. 
Therefore, CGE model can be considered for estimating the long-term effects for scenarios in which the input mix of 
energy and other factors need to be adjusted. By contrast, simple I-O models which assume fixed production functions, 
are best used for estimating short-term effects when the set of inputs does not need to be adjusted.  
In order to evaluate production and exportation loss due to carbon price, we develop a simple partial equilibrium model, 
then link it to the I-O model. After outlining the model and scenarios in the subsequent section, we present the model 
results of China ETS on price increment and production and exportation loss of industries in section 3. At last, in section 
4, we make discussion and conclusion about how to set the CO2 price interval and allowance allocation in national ETS, 
as well as how to regulate electricity price in China.   
2 Method and Scenarios  
2.1 Price increment   
A standard single region input-output model is adapted to calculate total supply chain CO2 emission associated with 
production of goods. The same method is also applied to evaluate US industries[5] . The total CO2 emission to produce 
on unit final demand in China is modeled as  
௜݂ ൌ ܨ௜ሺܫ െ ܣሻିଵ                                                             (1) 
Where ܨ௜ is a row vector with each element representing the CO2 emissions per unit industry output, which can be 
calculated by equation (2). ሺͳ െ ܣሻିଵ is known as the Leontief inverse. 
ܨ௜ ൌ ܨ௜̴஽ா ൅ ܨ௜̴ூே஽ா ൌ
σ ௘೑ఏ೔೑௒೔೑೑אವಶ
௧௢௧௔௟௢௨௧௣௨௧೔
൅ ௘೐ொ೔೐௧௢௧௔௟௢௨௧௣௨௧೔                                 (2) 
Here, ௙݁ is the CO2 emission coefficient for fuel f. For direct emission, ߠ௜௙ is the combustion ratio of fuel f for industry 
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i. ௜ܻ௙ is the amount of fuel f purchased by industry i. For indirect emission,݁௘ is the CO2 emission coefficient for 
electricity. ௜ܳ௘  is the amount of electricity purchased by industry i. We assume that 8 types of fossil fuels would be 
used by each industry (coal, coke, crude oil, gasoline, kerosene, diesel oil, fuel oil and natural gas). We also use ߤ௘to 
represent the electricity cost pass through rate. 
Next, the price increment ratio of per unit output in industry r can be modeled as equation (3)  
ο݌௜ ൌ ߬ߤ௜ ௜݂ ൌ ߬ሺͳ െ ܣሻିଵሺܨ௜̴஽ா ൅ ߤ௘ܨ௜̴ூே஽ாሻ                                      (3) 
Here ɒ is the CO2 price. We assume that cost caused by carbon pricing is 100% passed to price except in electricity 
industry. As electricity price is regulated by the government in China, we set three different cost pass through rate (ߤ௘ ൌ0, 
50% and 100%) in the analysis.   
2.2 Production loss  
For simplify sake, we consider only two regions: China (CHN) and Rest of World (RoW) in this paper. We assume the 
same price elasticity of imports to CHN market and to RoW markets, ɐ. Given that non CHN prices are constant, exports 
and imports of CHN producers are driven by the two following equations 
ܳ௖௥ଵ ൌ ܳ௖௥଴ ቀ
௉೎ೝభ
௉೎ೝబ
ቁ
ିఙ
ܽ݊݀ܳ௥௖ଵ ൌ ܳ௥௖଴ ቀ
௉೎೎భ
௉೎೎బ
ቁ
ఙ
ݓ݄݁ݎ݁ߪ ൐ Ͳ                              (4) 
Thus, the exportation loss due to implementation of national ETS 
ߟ௘ ൌ
ொ೎ೝభ ିொ೎ೝబ
ொ೎ೝబ
ൈ ͳͲͲΨ                                                          (5) 
 
For ETS impacts on domestic consumption, we define a price for final consumers,  ௖ܲଵ. For simplicity sake, it is defined 
as the weighted sum of CHN and RoW prices. 
Demand evolves according to the price elasticity of demandǡ Ʌ ൏ Ͳ, is assumed constant: 
ܥ௖ଵ ൌ ቀͳ െ ቀͳ െ
௉೎భ
௉೎బ
ቁ ߠቁ ή ܥ௖଴                                                      (6) 
Thus, domestic production under national ETS 
ܳ௖ଵ ൌ ሺܥ௖ଵ െ ܳ௖௥ଵ ሻ ൅ ܳ௥௖ଵ                                                          (7) 
And the production loss due to implementation of ETS    
ߟ௣ ൌ
ொ೎భିொ೎బ
ொ೎బ
ൈ ͳͲͲΨ                                                            (8) 
At last, for data available, we classified the whole economy into 35 sectors, which is showed in Annex I.  
2.3 Scenarios setting   
Scenarios in this paper is complicated. It contains two dimension: CO2 price and cost pass through rate in electricity 
ߤ௘ȗ. In order to simulate the results with greater range of CO2 price, we set the scenarios as follows: 
S1: ߤ௘ ൌ0, CO2 price between 10 yuan/ton to 100 yuan/ton  
S2: ߤ௘ ൌ ͷͲΨ, CO2 price between 10 yuan/ton to 100 yuan/ton 
S3: ߤ௘ ൌ ͳͲͲΨ, CO2 price between 10 yuan/ton to 100 yuan/ton 
3 Results   
Figure 1 shows the price change of final products under different scenarios. We listed the most affected 10 industries. 
                                                             
* Electricity price is regulated by the government in China, which is quite different with other countries. Thus electricity sector may 
not be able to pass through the cost to end users. That is why we set the scenarios. 
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For every industry there are three bars, from left to right representing scenario S1, S2 and S3 respectively. The length 
of each bar refers to the scope of price change due to different CO2 price, from 10 to 100 RMB yuan/ton, which are 
exactly linear relationship.  
On the whole, price changes in all industries are lower than 6%. Mining and processing of ferrous metal ores and 
chemical industry are two most affected industries under all three scenarios. A surprising result is that transport, 
storage and post and major service industry, which we often consider as non-energy intensive industries in developed 
countries, are listed as top 10 affected industries in China case. This may be attributed to the low energy efficiency in 
the industry. 
What will happen if electricity price is regulated constant or partial or fully changed due to CO2 price. Showed in Fig 
1, most industries are obviously influenced by increase of electricity price, especially mining and processing of ferrous 
metal ores, chemical industry, and major service industries. These three industries consume a lot of electricity during 
their production, thus electricity price change would cause an additional impressive cost burden. Price change under 
S1, S2 and S3 is 2.64%, 3.97% and 5.30% for chemical industry, 3.80%, 4.83% and 5.86% for mining and processing 
of ferrous metal ores, 1.96%, 3.11% and 4.26% for major service industries at 100 Yuan/ton of CO2. 
 
Figure 1 price change under different scenarios (top 10 affected industries) 
Regarding production and exportation loss. Firstly we define sectors whose production loss หߟ௣ห̱1% as Production 
Vulnerable Industries (PVI) and exportation loss ȁߟ௘ȁ̱1% as Trade Vulnerable Industries (TVI). Fig 2 and Fig 3 shows 
the number of PVI and TVI respectively under different scenarios. An obviously result is that if electricity industry 
passes their CO2 cost to end users, the affected scope would be larger according to our definition. For example, at CO2 
80 yuan/ton of CO2 price, number of PVI is 9, 13 and 21 under S1, S2 and S3; number of TVI is 6, 13 and 15 under S1, 
S2 and S3. Another finding is that there exists a CO2 price platform, above which the affected scope would become very 
large immediately. For production loss, this platform is 40 yuan/ton, 30 yuan/ton and 50 yuan/ton under S1, S2 and S3. 
For exportation loss, this platform is 80 yuan/ton, 40 yuan/ton and 30 yuan/ton under S1, S2 and S3.  
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Fig 2 number of production vulnerable industries under different 
scenarios 
 
Fig 3 number of trade vulnerable industries under different scenarios 
Furthermore, we consider the share of output that PVI and TVI take in the whole economic, showed in Fig 4 and Fig 5. 
When CO2 price is 100 yuan/ton, total output share of PVI is 43.4%, 55.06% and 69.76% under S1, S2 and S3, which 
would be considered terrible to the industries. The accepted CO2 price maybe 40 yuan/ton under S1 and 20 yuan/ton 
under S2 and S3 in terms of production loss. When CO2 price is 100 yuan/ton, total output share of TVI is 45.23%, 
57.52% and 74.67% under S1, S2 and S3, which is more seriously than PVI. The accepted CO2 price maybe 50 yuan/ton, 
40 yuan/ton and 30 yuan/ton under S1, S2 and S3.  
 
Fig 4 Output share of production vulnerable industries under different 
scenarios 
 
Fig 5 Output share of trade vulnerable industries under different 
scenarios 
4 Discussion and Conclusion  
Generally speaking, when constructing the national ETS, not only government but also industrials cares about the 
allowance allocation methods and CO2 price most. In China, there is an additional focus on the electricity price, which 
is regulated by the government and cannot reflect by the relationship of market supply and demand. Government will 
have to consider whether to increase the electricity price or not while putting the industry in the ETS. Electricians always 
argue about their cost pressure and declining profit due to the CO2 emission reduction control and require for free 
allowance, as well as increasing electricity price. Therefore, we try to develop an economic model to quantify the 
potential impacts national ETS will have on the industries and then find solutions to solve the facing problems mentioned 
above.  
Firstly, we consider the cost pass through rate in electricity industry. In terms of price increment, production loss or 
exportation loss, increasing electricity price would bring a considerable cost for other industries, especially those who 
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consume large amounts of electricity during production. For example, chemical industry and service industry. From the 
perspective of minimum impacts for the whole economy, it is suggested that electricity price should not be increased 
due to the national ETS. Otherwise it would cause a wide range of impacts on other sectors and create potential risk of 
windfall profit in electricity sector.  
However, electricians may not pay the bill. As electricity is an important and strategic commodity for the nation, it is 
better to use free allocation in this special sector. Furthermore, the number of allowance given to this sector should be 
planned according to the nation’s CO2 emission reduction target. 
Then we are curious to know the reasonable CO2 price in the forthcoming ETS. Here we only consider the scenario S1 
(ߤ௘ ൌ0) according to the decision made above. With a comprehensive consideration of price increment, production loss 
and exportation loss, as well as current CO2 price in the pilot ETS, we advise that the CO2 price in national ETS should 
be 35-45 yuan/ton RMB because in this price interval, the price increment for all industries are lower than 2% and the 
production and exportation loss are acceptable. Once the CO2 price reach 50 yuan/ton, the output share of PVI would 
reach more than 40% that we think it is unacceptable.  
Finally we conclude in this paper that considering industry competitiveness issues, some key elements of future national 
ETS should be designed as follows, that is also our policy implications.  
Electricity industry should be free allocated, at the same time electricity price should be keep constant. 
Reasonable CO2 price in ETS is suggested to be 35-45 yuan/ton RMB.  
Full auction method can be used in other industries while allocating CO2 allowances.  
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